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1
INTEGRATED CIRCUIT FOR STORING
INFORMATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This applicationis a division of U.S. patent application Ser.
No. 13/331,921 filed on Dec. 20, 2011, which claims priority
of Korean Patent Application No. 10-2011-0017638, filed on
Feb. 28, 2011. The disclosure of each of the foregoing appli-
cation which is incorporated herein by reference in its
entirety.

BACKGROUND

1. Field

Exemplary embodiments of the present invention relate to
semiconductor design technology for storing information,
and more particularly, to an integrated circuit that performs an
operation similar to that of a fuse.

2. Description of the Related Art

In general, a semiconductor memory device such as a
double data rate synchronous DRAM (DDR SDRAM) has
various circuits therein in order to perform various opera-
tions. As an example, a fuse circuit may be included as a
circuit component. The fuse circuit performs an operation for
storing desired information. To this end, the fuse circuit has a
general fuse or an anti-fuse therein. The general fuse and the
anti-fuse are elements have characteristics opposite to each
other. The general fuse is fabricated in an initial short fuse
state and is subsequently programmed (for example, to an
open state) according to different use. However, the anti-fuse
is fabricated in an open state and is subsequently programmed
to a short fuse state according to different use. Here, the
programming indicates a series of operations for storing
desired information in the general fuse and the anti-fuse.

While the general fuse may be implemented in a relatively
small area, its program is performed at a wafer state. On the
other hand, while the anti-fuse can be programmed using a
programming voltage in a package state, it occupies a rela-
tively large area, is complicated, and uses precise control
technology.

SUMMARY

Embodiments of the present invention are directed to an
integrated circuit capable of storing desired information with-
outusing a fuse circuit such as a general fuse and an anti-fuse.

In accordance with an embodiment of the present inven-
tion, an integrated circuit includes: a variable resistance unit
including at least one transistor that receives a control signal
and changes a resistance through the transistor in response to
the control signal in a programming operation mode; and an
information detection unit configured to detect programming
information in response to an output voltage of the variable
resistance unit in a normal operation mode.

In accordance with an embodiment of the present inven-
tion, an integrated circuit includes: first and second transistors
configured to change resistances through the transistors in
response to first and second control signals, respectively, in a
programming operation mode, wherein the first and second
transistors are commonly coupled to an output terminal; a
power transfer unit configured to transfer a power voltage to
the second transistor in response to a third control signal in the
programming operation mode; and an information detection

10

15

20

25

30

35

40

45

50

55

60

65

2

unit configured to detect programming information in
response to a voltage of the output terminal in a normal
operation mode.

In accordance with an embodiment of the present inven-
tion, an integrated circuit includes: a first variable resistance
unit including first and second transistors configured to
change resistances through the first and second transistors in
response to first and second control signals in a programming
operation mode, wherein the first and second transistors are
commonly coupled to a first output terminal; a second vari-
able resistance unit including third and fourth transistors con-
figured to change resistances through the third and fourth
transistors values in response to third and fourth control sig-
nals in the programming operation mode, wherein the third
and fourth transistors are commonly coupled to a second
output terminal; and an information detection unit configured
to compare voltages of the first and second output terminals
and detect programming information in a normal operation
mode.

In the integrated circuit in accordance with the embodi-
ments of the present invention, threshold voltage values of
transistors may be adjusted by applying a desired voltage to
input terminals of the transistors in the programming opera-
tion mode, and detect the threshold voltage values, which
have been adjusted in the programming operation mode, in
the normal operation mode. As a consequence, the adjusted
threshold voltage values similar to programming values of a
general fuse circuit can be used instead of the general fuse
circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating an integrated circuit in
accordance with a first embodiment of the present invention.

FIG. 2 is a diagram illustrating the case in which a power
supply unit is added in accordance with a first embodiment of
the present invention.

FIG. 3 is a diagram illustrating an integrated circuit in
accordance with a second embodiment of the present inven-
tion.

FIG. 4 is a block diagram illustrating an integrated circuit
in accordance with a third embodiment of the present inven-
tion.

FIG. 5 is a circuit diagram illustrating an information
detection unit 440 of FIG. 4.

DETAILED DESCRIPTION

Exemplary embodiments of the present invention will be
described below in more detail with reference to the accom-
panying drawings. The present invention may, however, be
embodied in different forms and should not be construed as
limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of the
present invention to those skilled in the art. Throughout the
disclosure, like reference numerals refer to like parts through-
out the various figures and embodiments of the present inven-
tion.

FIG. 1 is a diagram illustrating an integrated circuit in
accordance with a first embodiment of the present invention.

Referring to FIG. 1, the integrated circuit includes a vari-
able resistance unit 110 and an information detection unit
120.

The variable resistance unit 110 is configured to change its
resistance value in response to a control signal CTR in a
programming operation mode and includes a PMOS transis-
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tor PM and a resistor R. The PMOS transistor PM has a
source-drain path formed between a power supply voltage
VDD terminal and an output terminal OUT and receives the
control signal CTR through a gate thereof. The resistor R is
coupled between the output terminal OUT and a ground sup-
ply voltage VSS terminal. The resistor R has a fixed resistance
value.

The integrated circuit in accordance with the embodiment
of the present invention has a programming operation mode
and a normal operation mode, and the programming opera-
tion mode will be described below.

In the programming operation mode, since the control
signal CTR has a voltage level corresponding to a logic ‘low’,
the PMOS transistor PM is turned on. At this time, since a Vgs
of'the PMOS transistor PM is larger than a threshold voltage
value of the PMOS transistor PM, characteristics of the
PMOS transistor PM as a switch deteriorate and result in an
increase in a turn-on resistance value of the PMOS transistor
PM through the programming operation mode.

Next, the normal operation mode will be described.

In the normal operation mode, the information detection
unit 120 is configured to detect a voltage level of the output
terminal OUT and output programming information
INF_PR. The programming information INF_PR indicates a
state of the resistance unit 110 including the state in which the
turn-on resistance value of the PMOS transistor PM has been
increased and the state in which the turn-on resistance value
of the PMOS transistor PM has not been increased. For
example, the state in which the turn-on resistance value of the
PMOS transistor PM has been increased corresponds to the
case in which a general fuse has been cut, and the state in
which the turn-on resistance value of the PMOS transistor PM
has not been increased corresponds to the case in which the
general fuse has not been cut. That is, in the normal operation
mode, the control signal CTR is also logic ‘low” and the
voltage level of the output terminal OUT is changed accord-
ing to the turn-on resistance value of the PMOS transistor PM.

As described above, in the normal operation mode, the
information detection unit 120 detects the programming
information INF_PR in response to the output terminal OUT.
Inthe first embodiment, a voltage of the output terminal OUT
is compared with a desired reference voltage V_REF and the
programming information INF_PR is output. More specifi-
cally, the information detection unit 120 compares the voltage
level of the output terminal OUT corresponding to the turn-on
resistance value of the PMOS transistor PM with a voltage
level of the reference voltage V_REF and outputs the pro-
gramming information INF_PR.

Here, the integrated circuit in accordance with the first
embodiment can adjust the turn-on resistance value of the
PMOS transistor PM according to the control signal CTR in
the programming operation mode and detect the program-
ming information INF_PR corresponding to the adjusted
turn-on resistance value in the normal operation mode.

FIG. 2 is a diagram illustrating the case in which a power
supply unit is added in accordance with the first embodiment
of the present invention. For the purpose of illustration, an
added power supply unit 210 will be described.

Referring to FIG. 2, the power supply unit 210 is config-
ured to change a power voltage, which is supplied to the
PMOS transistor PM in response to a mode select signal
MOD_SEL, to a power supply voltage VDD or a pumping
power voltage VPP and supply the power supply voltage
VDD or the pumping power voltage VPP. The mode select
signal MOD_SEL corresponds to the programming operation
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mode and the normal operation mode, and the pumping
power voltage VPP has a voltage level higher than the power
supply voltage VDD.

In the case of the PMOS transistor PM, as the difference
between the Vgs and the threshold voltage thereof is large,
deterioration of characteristics of the PMOS transistor PM as
a switch/conductor is accelerated. Therefore, in the program-
ming operation mode, when the pumping power voltage VPP
is applied to the PMOS transistor PM, deterioration of char-
acteristics of the PMOS transistor PM is accelerated. Here,
the turn-on resistance value of the PMOS transistor PM may
be quickly increased.

FIG. 3 is a diagram illustrating an integrated circuit in
accordance with a second embodiment of the present inven-
tion. For the purpose of illustration, FIG. 3 illustrates a con-
figuration corresponding to the variable resistance unit 110 of
FIG. 1.

Referring to FIG. 3, a variable resistance unit in accordance
with the second embodiment includes first to third PMOS
transistors PM1 to PM3.

The first PMOS transistor PM1 changes its resistance value
in response to a first control signal CTR1 in the programming
operation mode, has a source-drain path formed between a
power supply voltage VDD terminal and an output terminal
OUT, and receives the first control signal CTR1 through a
gate thereof. The second PMOS transistor PM2 changes its
resistance value in response to a second control signal CTR2
in the programming operation mode, has a source-drain path
formed between the output terminal OUT and a ground sup-
ply voltage VSS terminal, and receives the second control
signal CTR2 through a gate thereof. The third PMOS transis-
tor PM3 serves as a power transfer unit for transferring a
power voltage to the second PMOS transistor PM2 in
response to a third control signal CTR3 in the programming
operation mode.

The variable resistance unit in accordance with the second
embodiment of the present invention can adjust a turn-on
resistance value of the first PMOS transistor PM1 or a turn-on
resistance value of the second PMOS transistor PM2 accord-
ing to the first to third control signals CTR1to CTR3. Table 1
below indicates the states of the turn-on resistance values of
the first and second PMOS transistor PM1 and PM2 accord-
ing to the first to third control signals CTR1 to CTR3.

TABLE 1
CTR1 CTR2 CTR3
L H H turn-on resistance value of PM1 is increased
H L L turn-on resistance value of PM2 is increased

As can be seen from Table 1 above, in order to increase the
turn-on resistance value of the first PMOS transistor PM1, the
first control signal CTR1 is controlled to be logic ‘low’. In
such a case, since a Vgs of the first PMOS transistor PM1 is
larger than a threshold voltage of the first PMOS transistor
PM1 and characteristics of the first PMOS transistor PM1
deteriorate, the turn-on resistance value of the first PMOS
transistor PM1 is increased. In order to increase the turn-on
resistance value of the second PMOS transistor PM2, the
second and third control signals CTR2 and CTR3 are con-
trolled to be logic ‘low’. In such a case, the third PMOS
transistor PM3 supplies a power supply voltage VDD to the
second PMOS transistor PM2, and characteristics (e.g., char-
acteristics as a switch/conductor) of the second PMOS tran-
sistor PM2 deteriorate by the power supply voltage VDD and
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the second control signal CTR2, resulting in an increase in the
turn-on resistance value of the second PMOS transistor PM2.

Meanwhile, in the normal operation mode, the first and
second control signals CTR1 and CTR2 are logic ‘low” and
the third control signal CTR3 is logic ‘high’. Thus, a voltage
level of the output terminal OUT is changed according to the
turn-on resistance values of the first and second PMOS tran-
sistor PM1 and PM2 in the programming operation mode.

As described above, the turn-on resistance values of the
first and second PMOS transistor PM1 and PM2 are changed
according to the first to third control signals CTR1 to CTR3.
The first to third control signals CTR1 to CTR3 can be con-
trolled according to desired data as indicated by Table 1
above. Here, the turn-on resistance value of one of the first
and second PMOS transistor PM1 and PM2 may be increased
according to data, so that appropriate data is stored in the first
and second PMOS transistor PM1 and PM2.

FIG. 4 is a block diagram illustrating an integrated circuit
in accordance with a third embodiment of the present inven-
tion.

Referring to FIG. 4, the integrated circuit includes a control
signal generation unit 410, a first variable resistance unit 420,
a second variable resistance unit 430, and an information
detection unit 440.

The control signal generation unit 410 is configured to
generate first to sixth control signals CTR1 to CTR6 in
response to input data DAT_IN. In the third embodiment, the
six control signals CTR1 to CTR6 are generated correspond-
ing to one input data DAT_IN. However, three control signals
may also be generated corresponding to one data as in the
second embodiment of FIG. 3, or one control signal may also
be generated as in the first embodiment of FIG. 1.

The first variable resistance unit 420 is configured to
change its resistance value in response to the first and second
control signals CTR1 and CTR2 and the fifth control signal
CTRS5, and may have a configuration similar to that of the
second embodiment of FIG. 3. Similarly, the second variable
resistance unit 430 is configured to change its resistance value
in response to the third and fourth control signals CTR3 and
CTR4 and the sixth control signal CTR6, and may also have
a configuration similar to that of the second embodiment.

Thus, in the programming operation mode, for example,
when the input data DAT_IN is logic ‘high’, a voltage level of
a first output terminal OUT1 may be set to be higher than a
voltage level of a second output terminal OUT2. However,
when the input data DAT_IN is logic ‘low’, the voltage level
of'the first output terminal OUT1 may be set to be lower than
the voltage level of the second output terminal OUT2. In other
words, in the programming operation mode, the input data
DAT 1IN is stored in the first and second resistance units 420
and 430.

The information detection unit 440 is configured to com-
pare the voltages of the first and second output terminals
OUT1 and OUT?2 with each other, detect programming infor-
mation, and output the programming information INF_PR in
the normal operation mode.

FIG. 5 is a circuit diagram illustrating the information
detection unit 440 of FIG. 4.

Referring to FIG. 5, the information detection unit 440
includes a comparison section 510 and a latching section 520.

The comparison section 510 is configured to be activated in
response to a mode select signal MOD_SEL in the normal
operation mode and compare the voltage levels of the firstand
second output terminals OUT1 and OUT2 with each other.
The mode select signal MOD_SEL is logic ‘low’ in the pro-
gramming operation mode and is logic ‘high’ in the normal
operation mode. Thus, the comparison section 510 is deacti-
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vated in the programming operation mode and is activated in
the normal operation mode. The latching section 520 is con-
figured to latch an output signal of the comparison section 510
and output the programming information INF_PR.

As a consequence, the generated programming informa-
tion INF_PR corresponds to the input data DAT_IN, where
the input data DAT_IN input in the programming operation
mode may be stored in the first and second resistance units
420 and 430 and output in the normal operation mode.

The integrated circuits in accordance with the first to third
embodiments of the present invention can store desired data
in a corresponding transistor in response to a control signal in
the programming operation mode and detect the stored data in
the normal operation mode. This represents that such an
operation can be performed in a package state in accordance
with the first to third embodiments of the present invention.
Thus, an operation for storing desired data in the package
state without using an existing fuse circuit may be performed.

According to the present invention, desired information
may be stored using a transistor with a small area in a package
state.

While the present invention has been described with
respect to the specific embodiments, it will be apparent to
those skilled in the art that various changes and modifications
may be made without departing from the spirit and scope of
the invention as defined in the following claims.

In the above-mentioned embodiments, while the PMOS
transistor is illustrated, the exemplary embodiments of the
present invention may also applied to the case in which other
types of transistors are used. Moreover, the position and type
of the logic gate and transistor described in the above-men-
tioned embodiment may be changed according to the polarity
of an input signal.

What is claimed is:

1. An integrated circuit comprising:

a first variable resistance unit including first and second
transistors configured to change resistances through the
first and second transistors in response to first and sec-
ond control signals in a programming operation mode,
wherein the first and second transistors are commonly
coupled to a first output terminal;

a second variable resistance unit including third and fourth
transistors configured to change resistances through the
third and fourth transistors values in response to third
and fourth control signals in the programming operation
mode, wherein the third and fourth transistors are com-
monly coupled to a second output terminal; and

an information detection unit configured to compare volt-
ages of the first and second output terminals and detect
programming information in a normal operation mode.

2. The integrated circuit of claim 1, wherein the first vari-
able resistance unit further comprises:

a first power transfer section configured to transfer a power
voltage to the second transistor in response to a fifth
control signal in the programming operation mode, and

wherein the second variable resistance unit further com-
prises:

a second power transfer section configured to transfer a
power voltage to the fourth transistor in response to a
sixth control signal in the programming operation mode.

3. The integrated circuit of claim 2, wherein the second
control signal and the fifth control signal have overlapping
activation periods, and the fourth control signal and the sixth
control signal have overlapping activation periods in the pro-
gramming operation mode.

4. The integrated circuit of claim 1, wherein the informa-
tion detection unit comprises:
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a comparison section configured to be activated in the
normal operation mode and compare voltage levels of
the first and second output terminals; and

alatching section configured to latch an output signal of the
comparison section and output the programming infor- 5
mation.



